Calcium-ion-induced stabilization of the protease from Bacillus cereus WQ9-2 in aqueous hydrophilic solvents: effect of calcium ion binding on the hydration shell and intramolecular interactions.
The neutral protease WQ from Bacillus cereus is stable in various aqueous organic mixtures, with the exception of those containing acetonitrile (ACN) and dimethylformamide (DMF). The stability of the enzyme in aqueous hydrophilic solvents was dramatically enhanced with the addition of calcium ions, with the degree of improvement in the half-life relative to different solutions ranging from fourfold to more than 70-fold. Studies of the kinetic constants showed that calcium ions induced slight conformational changes in the active site of the enzyme in aqueous ACN. We investigated the molecular mechanisms underlying this stabilizing effect by employing a combination of biophysical techniques and molecular dynamics simulation. In aqueous ACN, the intrinsic fluorescence and circular dichroism analysis demonstrated that the addition of calcium ions induced a relatively compact conformation and maintained both the native-like microenvironment near the tryptophan residues and the secondary structure. Alternatively, homology modeling confirmed the location of four calcium-ion-binding sites in the enzyme, and molecular dynamics simulation revealed that three other calcium ions were bound to the surface of the enzyme. Calcium ions, known as a type of kosmotrope, can strongly bond with water molecules, thus aiding in the formation of the regional hydration shell required for the maintenance of enzyme activity. In addition, the introduction of calcium ions resulted in the formation of additional ionic interactions, providing propitious means for protein stabilization. Thus, the stronger intramolecular interactions were also expected to contribute partially to the enhanced stability of the enzyme in an aqueous organic solvent.